Lipid transfer protein (LTP) is a kind of small molecular protein, which is named for its ability to transfer lipid between cell membranes. It has been proved that the protein is involved in the responding to abiotic stresses. In this study, TaLTP-s, a genomic sequence of TaLTP was isolated from A genome of wheat (Triticum aestivum L). Sequencing analysis exhibited that there was no diversity in the coding region of TaLTP-s, but seven single nucleotide polymorphisms (SNPs) and 1 bp insertion/deletion (InDel) were detected in the promoter regions of different wheat accessions. Nucleotide diversity (π) in the region was 0.00033, and linkage disequilibrium (LD) extended over almost the entire TaLTP-s region in wheat. The dCAPS markers based on sequence variations in the promoter regions (SNP-207 and SNP-1696) were developed, and three haplotypes were identified based on those markers. Association analysis between the haplotypes and agronomic traits of natural population consisted of 262 accessions showed that three haplotypes of TaLTP-s were significantly associated with plant height (PH). Among the three haplotypes, HapIII is considered as the superior haplotype for increasing plant height in the drought stress environments. The G variance at the position of 207 bp could be a superior allele that significantly increased number of spikes per plant (NSP). The functional marker of TaLTP-s provide a tool for marker-assisted selection regarding to plant height and number of spikelet per plant in wheat.
Introduction
Lipid transfer protein (LTP) is a small and universal protein, and contains a N-terminal signal peptide that mediates protein transport within the first 21-29 amino acids (Kader 1996) . The protein of LTP family members contains eight cysteine residues formed four disulfide bridges which were conserved in amino acid sequences (Jose et al. 2004) . Several complex biological functions have been proved including cuticle synthesis (Cameron et al. 2006; Debono et al. 2009 ), adaptation to abiotic stresses (Wu et al. 2004; Pitzschke et al. 2014) and resistance against invasion of pathogen (Maldonado et al. 2002; Zhu et al. 2012 ). Several LTP genes have been proved to be up-regulated in the drought-induced cuticular deposition (Cameron et al. 2006; Maldonado-Calderón et al. 2012) . Overexpression of OsDIL gene encoding a LTP, increased the tolerance to drought stress at vegetative and reproductive stages in rice, and also improved the crop yield under drought stress (Guo et al. 2013) . Although there is the evidence of LTP participation in stress signaling in plants, the molecular mechanism is not clear.
Wheat (Triticum aestivum L.) is a major grain crop for human and widely cultivated around the world but its growth and development are often impacted by drought which leads to a reduced yield production. To ensure a stable and high yield of wheat, an efficient approach is to discover and use key genes involved in tolerances to drought stress. However, as an allohexaploid plant, the genome of common wheat is very large so it is difficult to directly isolate the key genes from it. Thus, it is a challenge for researchers to explain the molecular-mechanism about the gene enhancing drought tolerance.
Single nucleotide polymorphism (SNP) or insertion and deletion (InDel) is mainly genetic diversity within plant and animal genome, becoming an important marker widely used to marker-assisted breeding (Garces-Claver et al. 2007) . Although many molecular markers such as simple sequence repeat (SSR), restriction fragment length polymorphism (RFLP), amplified fragment length polymorphism (AFLP), and random amplified polymorphic DNA (RAPD) have also been used to marker-assisted selection (MAS) breeding during the past decades, the most of them are the flanking markers of target genes which limited the MAS efficiency in breeding. A functional marker (FM) developed directly from the sequence of gene, is superior to random DNA markers such as RFLPs, SSRs and AFLPs owing to complete linkage with trait locus alleles. Wang et al. (2014) identified a superior allele of TaSnRK2.10-A significantly contributes to the thousand-grain weight. Zheng et al. (2014) detected a favored haplotype of TaTEF-7A using variation site of the gene, which showed a positive correlation with yield in a global set of breeding lines providing a basis for MAS. Therefore, exploiting functional markers is an effective approach to crop improvement.
Association analysis is a powerful technique to detect the relationship between the markers of population or polymorphism sites of target gene and traits (Gupta et al. 2005) . Because the strength of linkage disequilibrium (LD) between markers and functional polymorphism, it has been considered as an efficient tool for genome-wide approaches and candidate gene confirmation in plants such as rice (Agrama et al. 2007) , maize (Thornsberry et al. 2001) and wheat (Mir et al. 2012) . Compared with traditional linkage mapping, association analysis is an effective complementary approach to anatomize important quantitative traits in crop plants.
In this study, we exhibited a functional marker developed from TaLTP-s, a member of LTP gene family from A genome of wheat. The polymorphism of the TaLTP-s was detected by sequencing of 32 wheat accessions. Furthermore, association analysis between the gene polymorphism and agronomic traits from natural population consisted of 262 accessions showed that TaLTP-s was associated with plant height. Consequently, a functional marker was developed for the molecular marker-assisted breeding.
Results

Nucleotide diversity and linkage disequilibrium analysis of TaLTP-s
In our previous study, the full-length of the TaLTP-s gene (2.77 kb) including promoter and coding region was cloned by homology-based cloning from the A genome of common wheat. There was no intron found in the coding region of TaLTP-s gene (Li et al. 2015) .
Eight nucleotide variation sites (seven SNPs and one 1 bp InDel) were detected in the promoter region of TaLTP-s gene from the 32 common wheat accessions (Table 1) , while no nucleotide differences were detected in the coding region.
The nucleotide diversity (π) of the TaLTP-s sequence was 0.00033 in the 32 wheat accessions. Sliding-window analysis exhibited that the nucleotide diversity was identified in the promoter and the coding region (Fig. 1) .
LD was estimated using R 2 statistic (Hill and Robertson 1968) between all pairs of variation sites in the 2.77 kb region. Significant LD was observed in the sequence ranged from 75 to 1 696 bp (R 2 =1, P<0.01). The seven polymorphic sites (except for site 207 bp) in the region were in complete LD with other positions, so anyone of seven sites was segregated from remaining polymorphic site. There was no LD detected at position 207 bp with others, then this site was selected for developing the marker (Fig. 2) .
Development of dCAPS markers of TaLTP-s
Two derived cleaved amplified polymorphic sequences In the same way, the specific primers sp-F2/R2 were developed based on the SNP2 site at 1 696 bp (T/C). The PCR product (220 bp) has a restriction enzyme NdeI recognition site between T and C genotype accessions. The PCR product of T genotype accessions was digested by NdeI into fragments 198 and 22 bp (Fig. 3 ).
Association analysis between markers of TaLTP-s and agronomic traits
According to the analysis of population structure by 209 whole-genome SSR markers, 262 accessions can be divided to two subpopulations, comprising 126 and 136 accessions .
There was no significant association between SNP1 marker and the agronomic traits in all 10 environments. The SNP1 was significantly associated with the number of spikes per plant (NSP) in four environments (Table 2 ). The genotypes possessing G allele had a significantly higher NSP than the A genotypes under drought stress (DS) or well-watered (WW) conditions. Thus, the base G at site 207 bp is a superior allele for NSP (Table 2 ). However, it was only one instance of the association with the thousand-grain weight (TGW), total number of spikelets per spike (TNSS) and number of grains per spike (NGS) in one year and one site.
The SNP2 marker was significantly associated with plant height (PH), length of penultimate node (LPN) and peduncle length (PLE) in 10, 7 and 4 environments, respectively. Despite the water conditions, plant height of C genotype accessions was significantly higher than the T genotype accessions. Therefore, the base C at the site 1 969 bp is an allele increasing plant height while the base T is an allele reducing plant height. The similar effects of C and T alleles were detected on LPN and PLE (Table 3) .
Association analysis between haplotype of TaLTP-s and agronomic traits
Three major haplotypes among 262 wheat accessions were identified by using the dCAPS markers SNP1 and SNP2 (Fig. 3) . A haplotype with the highest percentage (80%) among 262 wheat accessions was HapIII. The next is HapI with the frequency of 13%. HapII had the lowest percentage (7%) among the natural population (Fig. 4-A) . The frequencies of three haplotypes among accessions released in different years also showed that the HapIII is the main haplotype (Fig. 4-B) . Association analysis showed that the three haplotypes were significantly associated with the plant height (PH) and LPN. The PH of the genotypes with HapI or HapIII was higher than the genotypes with HapII, although PH of three haplotypes accessions was significantly different in 10 environments. So the HapI and HapIII of TaLTP-s are considered as potential haplotypes for the increase of plant height, HapII acts as decreasing the wheat plant height (Table 4 ). Both haplotypes HapI and HapIII have a same base C at the site SNP2. It is suggested that base C is a key SNP for contributing to higher plant height. Analysis of variance showed that the PH of HapIII genotype accessions was significantly higher than the HapII accessions. Moreover, the average PH difference values are within the range between 11.76-17.29 cm (Fig. 5) .
Discussion
The TaLTP-s was mapped on chromosome 1A (Li et al. 2015) . In the chromosome interval of TaLTP-s, a series of QTLs were identified for plant height , accumulation efficiency of stem-water-soluble carbohydrates (Yang et al. 2007 ), number of grains per spike, yield and numbers of grains per plant under water, phosphorus sufficient and limited conditions (Su et al. 2009; Wu et al. 2012) . Our previous study revealed that TaLTP-s are involved in multi-stress response (Li et al. 2015) . Present study showed that the nucleotide diversity in the promoter region of TaLTP-s was higher than coding region, which is consistent with an earlier study (Nasu et al. 2002) . It reflected that greater selection pressure was imposed on the coding region. Moreover, the conserved coding region and highly polymorphic promoter region imply that functional variation of different alleles of TaLTP-s mainly depended on polymorphism of the promoter region. Thus, it is necessary to explore the relationship between sequence polymorphisms in promoter region and function of TaLTP-s. Drought is one of the common abiotic stresses affecting all the stages of plant development and making plant have some complex physiological counteractions such as differential plant heights. Limited water availability delays development of plant causing reduced plant height consequently, the crop production is also affected because of inadequate photosynthate (Sari-Gorla et al. 1999) . Plant height considered as an agronomic trait to evaluating drought tolerance can be easily measured during plant growth and remains unchanged after flowering Lu et al. 2011; Zhang et al. 2011) . Many studies have shown that plant height in wheat was highly positively correlated with the drought resistance, and similarly at elongation stage, wheat seedling length was also significantly positively correlated with drought tolerance (Wang et al. 2004; Wang et al. 2010; Zhang et al. 2013) .
Wheat can grow well under drought not only have better adaptability to the environment but also have the resistance to lodging, so the researcher considered that plant height between 85-100 cm is reasonable . If the plant is too short, the leaf of plant keep out each other because of the layer is dense, which decreases the photosynthetic area. The yield is consequently impacted. In this study, association analysis exhibited that three haplotypes of TaLTP-s are significantly associated with plant height in multiple environments. The HapIII was the haplotype with the effect of increasing plant height, while the HapII was the haplotype that reducing plant height. Our research revealed that the genotypes with SNP2-C had higher plant height. Compared with plant height in the well-watered environments, the average plant height of all genotype accessions was reduced under drought stress environments. However, the average plant height of HapIII genotype accessions was still the ideal plant height under drought stress conditions. Therefore, HapIII of TaLTP-s, the main haplotype in the natural population, is considered as the superior haplotype to increase plant height under drought stress environments. Additionally, the frequency of HapIII were always the highest in the wheat accessions released in different years. It is speculated that HapIII of TaLTP-s, i.e., SNP2-C has been a favorable haplotype/allele insensibly selected by breeders. Therefore, using functional marker to select the target trait will enhance the efficiency in the breeding program.
Conclusion
Seven SNPs and one 1 bp InDel were detected in the promoter region of TaLTP-s, a gene from A genome of 
Materials and methods
Plant materials
Thirty-two diversified wheat accessions selected from different subpopulations identified by SSR markers were used in the polymorphism analysis.
A natural population consisting of 262 accessions were used for the association analysis Zhang et al. 2013) . Of these, 254 accessions were from China, three from the USA, two from Australia, two from Italy, and one from Romania, and including 209 modern varieties, 43 advanced lines and 10 landraces.
All accessions were sown at 10 environments (year×site×water regime combinations) including Changping (CP) (116°13´E, 40°13´N) , Beijing, in 2010 and Shunyi (SY) (116°56´E, 40°23´N) , Beijing, in 2010 Beijing, in , 2011 Beijing, in and 2012 . The growing season started at the beginning of October and finished in the mid-June of the next year. Two water conditions, i.e., drought stressed (DS) and well-watered (WW) were supplied at each site. The WW plots were watered with 750 m 3 ha -1 (75 mm) at the pre-overwintering, booting, flowering and grain filling stages, however, DS plots were rain-fed. The rainfalls of three growing seasons were 131, 180 and 158 mm, respectively. The experimental unit was 2 m in length with 4 rows, and 0.3 m row space. Forty seeds were sown in each row. At harvesting time, five plants were randomly selected in each accession. The agronomic traits such as plant height (PH), spike length (SL), length of penultimate node (LPN), peduncle length (PLE), number of spikes per plant (NSP), total number of spikelets per spike (TNSS), number of grains per spike (NGS), and thousand-grain weight (TGW) were recorded.
DNA extraction and isolating of gene TaLTP
Fresh leaves were cut from 7-d-old seedlings and genomic DNA was extracted by cetyltrimethylammonium bromide (CTAB) method. The genomic primers were designed based on the genomic sequences of TaLTP. TransStart Fast Pfu DNA polymerase from TransGen was used for PCR amplification. PCR was performed in a total volume of 15 µL, including 5× buffer 3 μL, dNTP (2.5 μmol L -1 ) 1.2 μL, DNA (50 ng μL -1 ) 1 μL, forward and reverse primers (10 μmol L -1 ) 0.5 μL, respectively, TransStart Fast Pfu (5 U μL -1 ) 0.3 μL, and ddH 2 O 8.5 μL. Target fragments were cloned into the pEASY-Blunt vector, then sequencing was done by the DNA Analyzer 3730XL. The primers such as M13 (F: 5´-GGTAACGCCAGGGTTTTCC-3´, R: 5´-CAG GAAACAGCTATGACC-3´) and one pairs of overlapping primers (proG-F: 5´-ACCACACAACATTCAGAGGC-3´, proG-R: 5´-GTGCGTGCTTGCTTGAT-3´) were designed for sequence walking. Twelve positive clones of each accession were randomly selected for sequencing.
Molecular marker development
Two sets of dCAPS markers (SNP1 and SNP2) were developed according to the SNP sites located in the promoter region of TaLTP. One is the marker for G/A variation (position 207 bp, SNP1), the other is for T/C variation (position 1 696 bp, SNP2). A pair of specific primers sp-F1/sp-R1 were designed based on one base mismatching before the base variation at the site of 207 bp, then a restriction enzyme MseI recognition site was produced in the PCR product (sp-F1: 5´-TAGGTTAGTCCCAAAAATAATATAAAATTA-3´, sp-R1: 5´-TATAGGACAATCATACTATGAAGAG-3´) (Fig. 6) . Similarly, the primer sp-F2 was designed by two bases mismatching before the base variation at 1 696 bp, then a restriction enzyme NdeI recognition site was produced (sp-F2, 5´-ATGCACTTACAGTTTGACTACTCATA-3´; sp-R2, 5´-AAATGCGATAGGTGTGAGAATG-3´) (Li et al. 2015) .
Sequence analyses
DNASTAR Lasergene 7.1.0 (DNASTAR, Inc., Madison, WI, USA) was used to collect sequence data, nucleotide diversity analysis was estimated by the DNAsp V5. LD parameters were predicted using the software TASSEL 2.1 (Bradbury et al. 2007 ).
Association analysis
TASSEL 2.1 was used to identify significant associations between haplotype and agronomic traits. A general linear model (GLM) which accounted for population structure (Q) was performed. Associations were considered significant at P<0.05. Statistical analysis was conducted by one-way ANOVA using SPSS 16.0 software.
